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We have undertaken a systematic investigation o f reaction systems consisting of M(II) and thiol ate com ponents in the presence of halide ions. In contrast to the system FeCl2/SPh~ (1:1) from which the trinuclear anion [Fe3(SR)3Cl6]3~ was ob tained by Holm and coworkers [3] , the corre-sponding systems M Cl2/S P h-(1:1; M = Mn, Co) yield m ononuclear species for M = Mn, o f which 3 a, 3 b, 4 a and 4 b could be identified by X-ray crystallography, or the adam antanoid complex 5 for M = Co, whose syntheses, structures and se lected properties are described in this paper. Re placing SPh-by the analogous SePh-and TePh" leads in the case o f the 3d and 4d transition metals to the m ononuclear com pounds [M(SePh)4]2~ (M = M n, Fe, Co, Ni [10a, b] , Zn [10a, b, c, d] , Cd [10a, b, c] ) and [M(TePh)4]2~ (M = M n, Fe, Cd [10 b] , Zn [10b, d] ). The syntheses and structures of [Mn(SePh)4]2_ (8) and o f [Mn(TePh)4]2~ (9) are de scribed in the sequel. All o f the complexes 3 a to 4b are rare examples o f monometallic systems with m onofunctional thiolates in a mixed-ligand co ordination sphere [11] , whereas 5 is the species with the lowest PhS"/C o ratio isolated from corre sponding reaction systems.
Experimental Section

Synthesis
Commercially available chemicals were used as purchased. All operations were performed under a pure dinitrogen atm osphere. Solvents were dis tilled from appropriate drying agents and degassed prior to use. Sodium selenophenolate and sodium tellurophenolate were prepared by reduction of diphenyldiselenide and diphenylditelluride with so dium borohydride in ethanol. Elemental analyses on samples dried under vacuo for 10 h were per formed at the Organisch-chemisches Institut of the University o f M ünster.
[ Et4N ]4f M n(SPh)3Br] [ M n(SPh)3Cl] (1)
A solution of 100 mmol (10.3 ml) o f benzenethiol and 100 mmol (2.3 g ) o f sodium in 200 ml of m ethanol was added to a solution of 100 mmol (20 g ) o f M nC l2-4 H 20 in 200 ml of m ethanol. In the course o f 2 -3 hours a pale yellow solution was formed. After stirring overnight followed by filtra tion, a solution o f 100 mmol (21 g ) of Et4NBr in 100 ml o f m ethanol was added. Two days later the solution was filtered again and cooled to -3 0 °C. Pale yellow crystals developed, which redissolved at am bient tem perature. Yield: 15.2 g (63.3% with respect to thiophenolate). Calcd C 57.73 H 7.89 N 4.01% , Found C 57.48 H 7. 84 N 4.02%.
Analysis for C33 58H5465Br057Cl05MnN2S293
[ Et4N ]2[Co4(SPh)6Cl4] ■ M eCN (2)
A solution made up from 33 mmol (0.75 g) of sodium and 33 mmol of benzenethiol (3.4 ml) in 50 ml of m ethanol was added to a solution of 33 mmol (7.85 g ) o f CoC12 -6 H 20 in 50 ml of m ethanol. After the solution was stirred for 30 min, a solution o f 25 mmol (4.14 g) o f Et4NCl was added. The resultant precipitate became mi crocrystalline upon further stirring of the reaction mixture. The product was collected by filtration, washed with m ethanol and dried in vacuo. Two re crystallizations from 40 ml o f acetonitrile (ca. 70 °C) followed by addition o f 50 ml o f m ethanol and 80 ml of ether afforded 3.9 g (53.2% with re spect to thiophenolate) of pure material [12] , Analysis for C54H 73Cl4Co4N3S6 Calcd C 48.62 H 5.52 N 3.15% , Found C 47.89 H 5.37 N 2.96%. Absorption spectrum (acetonitrile): Amax = 351 nm (sh, eM = 4619), 403 (sh, 3890), 589 (sh, 480), 678(610), 732 (480) .
[E t4N ]2[M n(SePh)4] (6)
To a solution o f 0.63 g o f M nCl2 (5 mmol) in 30 ml o f ethanol is added a NaSePh solution (made from 3.12 g o f Ph2Se2 (10 mmol) and 0.8 g of N aBH 4 (21.1 mmol) in 30 ml of ethanol). The mixture is stirred for 1 h and filtered followed by addition of 2.1 g (10 mmol) o f Et4NBr. A precipi tate is formed which is collected by filtration. Re crystallization from 50 ml o f M eCN affords 2.25 g (48%) o f orange-yellow crystals.
Analysis for C40H6oM nN2Se4
Calcd C 51. 13 H 6.43 N 2.98%, Found C 51.05 H 6.42 N 3.02% .
To a solution of 0.63 g o f M nCl2 (5 mmol) in 30 ml o f ethanol is added a N aTePh solution (made from 4.50 g o f Ph2Te2 (10.5 mmol) and 0.9 g of N aB H 4 (23.5 mmol) in 50 ml o f ethanol). The mixture is stirred for 1 h and filtered, followed by addition of 2.1 g (10 mmol) o f Et4NBr. A precipi tate is formed which is collected by filtration. Re crystallization from 50 ml o f M eCN affords 2.38 g (42%) of deep red crystals. Calcd C 42.32 H 5.33 N 2.47%, Found C 42.25 H 5. 40 N 2.50% .
Analysis for C40H60MnN2Te4
Collection and reduction of X-ray data
Suitable crystals o f 1, 2, 6 and 7 were fixed with a trace of silicon grease at the top of a glass capil lary and cooled to approxim ately -1 3 3 °C with a stream of cold nitrogen gas using a modified SYN-TEX LT-1 low tem perature device. X-ray diffrac tion data were collected with an autom ated SYN-TEX P2j four circle diffractom eter equipped with a M oK a X-ray source, a graphite m onochrom ator, and a scintillation counter. The unit cell dimen sions and their standard deviations were obtained by a least squares fit of 15 centered reflexions in the range 20° < 2 9 < 25°. Intensity d ata were col lected in the coßO scan mode. The intensities of one check reflexion measured every 99 scans as well as the intensity profiles o f all other reflexions revealed no significant changes of the experimen tal conditions during data collection.
The data reduction based on Lorentz and polarization corrections was performed using pro grams of the EXTL program package [13] . In addition, an empirical absorption correction ((//-scan) was applied and equivalent reflexions were averaged. The variance of F 0 was calculated as a(F 0) = <r(I)/(2| F 0| Lp), that of I as cr(I)2 = S + (B, + B2)(ts/2tB)2, where S, B1? and B2 are the scan and individual background counts, respec tively, and ts and t B are their counting times.
Structure solution and refinement
All calculations were carried out with the EXTL [13] and SHELXTL [14] program systems. Heavy atom positions were obtained by direct methods. All remaining non-hydrogen atom s were located by successive Fourier syntheses following leastsquares refinement cycles. Atomic scattering fac tors for spherical neutral free (all except H) or bonded (H) atom s were taken from ref. [15] . The individual structural refinements are briefly de scribed.
The systematical absences (hOl, l= 2 n + \ and 0 £ 0, k = 2n + \) are characteristic for the m ono clinic space group P2,/c. The asymmetric unit con tains one anion and two cations. As it turned out in the course o f the structure solution process, the observed unit cell has to be regarded as the average o f probably four individuals described by a super position of the four different anionic species 3 a to 4 b. In its idealized form the structure-stabilizing anionic skeleton consists of ordered [Mn(SPh)3X]:_ (3) groups, the halogen positions X being statisti cally occupied by bromine (3 a) and chlorine (3 b) ions. In the crystals under investigation, ca. 7% of 3 are replaced by [Mn(SPh)2BrX]2~ (4) anions which derive from 3 by a bromine atom substitut ing one of the thiophenolate ligands. The superim posed Cl and Br atoms could not be refined inde pendently even though low tem perature X-ray data were used. At this stage o f the refinement we decided to introduce a pseudoatom X derived from Br and Cl by averaging their atomic scatter ing curves in the ratio obtained from least-squares refinement instead of using soft constraints to maintain a split atom model. In addition, the m i nor replacement o f 3 by 4 was accounted for by in troducing another bromine atom, the sum of its oc cupancy and that of the effected thiophenolate li gand being fixed to unity. In the final least-squares refinement cycles (SHELXTL) the positions o f all non-hydrogen atoms were refined together with anisotropic temperature factors (except for the ad ditional Br atom of 4 a and 4 b) and one scale fac tor. Hydrogen atom s were calculated at idealized positions with C -H distances o f 0.96 Ä and tem perature factors set to 1.2 times those of the car bon atoms to which they are attached (Table I) . Final block-diagonal least-squares refinement cy cles (EXTL) were carried out with all non-hydrogen atoms using anisotropic tem perature factors and one scale factor. Most H atom s could be locat ed from a difference Fourier synthesis, and all others were calculated. They were fixed at their ini tial positions with an isotropic tem perature factor (B = 5.0 Ä2) ( Table I) . The systematical absences 0&0 (k = 2n + \) and hOl (h + I = 2 « + l) are characteristic for the space group P 2j/«. The unit cells o f the isotypic com pounds contain four anions 8 or 9 and eight [Et4N]+ cations. Final least-squares refinement cy cles were carried out with anisotropic tem perature factors for the non-hydrogen atom s. Hydrogen atom positions were calculated ( Table I) .
The following items are tabulated: Atom coor dinates (Tables II, III (2) 0.41544 (6) 0.56772(6) 0.20380(5) S (3) 0.33346 (7) 0.31938 (7) 0.18476 (6) ( 18) 0.1557 (3) 0.2486(3) 0.1624 (2) a X: mean position of Br and Cl in 3a/3b and 4a/4b, respectively; occupancy for Br: 0.07, for S(3) and C (13) (Tables S-VII , S-VIII, S-XVII, and S-XVIII), and listings o f ob served and calculated structure factors (Tables  S-IX, 
S-X, S-XIX, and S-XX).
O th e r p h y s ic a l m e a su re m e n ts All samples were prepared and measured under anaerobic conditions. A bsorption spectra were measured on a Perkin-Elm er 551 S spectrophoto meter, IR spectra on a Perkin-Elmer 547 spectro photom eter. 'H N M R spectra were recorded on a Bruker W M 300 spectrometer with TMS as inter nal standard, internal shifts downfield and upfield are assigned negative and positive signs, respec- (4) 0.15807 (2) -0.23439(4) -0.05057(2) S(l) 0.32851 (5) -0.02002 (7) -0.01132(5) S (2) 0.16557 (5) 0.08131 (7) -0.03976(4) S (3) 0.18456 (5) -0.14402 (7) 0.04396(4) S (4) 0.22623 (5) -0.04628 (7) -0.17933(5) S (5) 0.25503 (5) -0.27267 (7) -0.06841(4) S (6) 0.09952 (5) -0.14538 (7) -0.13597(4) C l(l) 0.28157 (5) 0.08996 (7) 0.12073(4) Cl (2) 0.38908 (5) -0.16239 (9) -0.12582(5) Cl (3) 0.08022 (5) 0.11671 (8) -0.20903(5) Cl (4) 0.10187 (5) -0.37166 (7) -0.03885 (5) (2) tively. Solid state magnetic susceptibilities were de termined at three different tem peratures (293, 195 and 90 K, respectively) and different magnetic fields (1.26, 2.59, 3.78 and 5.06 kG) with the Gouy method. Diamagnetic corrections were applied.
Distances Angles
Anion 3
113.9(1) S (2 )-M n -S (3 ) 97.1 (1) mean S -C 1.754 mean M n -S -C 110.1 (2 ) 117.1 (2) mean S -C 1.762 mean M n -S -C 108. (2) 3.711(1) C l(l) -S ( l) 3.631(1) S(l) *** S (3) 4.022 (1) C1(D-S (2) 3.766(1) S (l)-S (4 ) 3.796 (1) Cl ( 1)--S(3) 3.853(1) S(l) *** S (5) 3.745(1)
115.48 (4) Cl ( (4) 108.93(4) Co(2)-S(4)-Co (3) 108.82(4) Co(2)-S(5)-Co (4) 110.76(4) Co(3)-S(6)-Co (4) 109.58 (4) (2) -0.0 111(6) 0.9470 (7) 0.1975 (5) 0.020(3) C (3) -0.0364 (7) 1.0052 (7) 0.1364(6) 0.030(4) C (4) -0.0097 (7) 1.0919 (7) 0.1368 (5) 0.027(4) C (5) 0.0427 (7) 1.1190 (7) 0.1954(6) 0.026(4) C (6) 0.0694 (6) 1.0629 (6) 0.2567(6) 0.023(3) C (7) 0.1750 (7) 0.6816 (6) 0.4649(6) 0.030(4) C (8) 0.2124 (7) 0.6484 (7) 0.5386 (7) 0.030(4) C (9) 0.2968 (8) 0.6564 (8) 0.5551 (7) 0.038(4) C (10) 0.3485 (8) 0.6964 (8) 0.5076(6) 0.037(4) C (ll) 0.3157 (7) 0.7333 (8) 0.4365 (7) 0.039(4) C (12) 0.2315 (7) 0.7232 (8) 0.4182(6) 0.031(4) C (13) 0.0251(6) 0.5711 (7) 0.1787(6) 0.027(4) C(14) -0.0136 (6) 0.5293 (7) 0.2417(6) 0.021(3) C(15) -0.0296 (7) 0.4409 (7) 0.2355 (7) 0.029(4) C(16) -0.0100(6) 0.3921 (7) 0.1717(6) 0.026(4) C (17) 0.0271 (7) 0.4351 (7) 0.1095(6) 0.029(4) C ( 18) 0.0448(6) 0.5224 (7) 0.1144(6) 0.024(3) C(19) -0.1825 (6) 0.7888(6) 0.4057 (5) 0.018(3) C(20) -0.2685 (6) 0.7866 (7) 0.4162(6) 0.025(4) C(21) -0.3017 (7) 0.8276 (7) 0.4844(6) 0.028(4) C(22) -0.2519 (7) 0.8696 (7) 0.5387(6) 0.029(4) C(23) -0.1677 (7) 0.8695 (7) 0.5293(6) 0.027(4) C(24) -0.1322 (7) 0.8295(6) 0.4641(5) 0.019 (3) a The equivalent isotropic tem perature factor is de fined as one third of the trace o f the orthogonalized U ;j tensor. (2) 0.05855(2) 0.66391(2) 0.45956(2) 0.0248(1) Te (3) 0.04765(2) 0.69192(2) 0.17425(2) 0.0231 (1) Te (4) -0.14365(2) 0.74974(2) 0.30587(1) 0.0208(1) C(l) 0.0500 (2) 0.9845 (3) 0.2558 (2) 0.020 ( 1) C (2) -0.0075 (3) 0.9580 (3) 0.1988 (2) 0.027(1) C (3) -0.0364 (3) 1.0136 (3) 0.1429 (3) 0.030(1) C (4) -0.0105 (3) 1.0982 (3) 0.1417 (3) 0.030(1) C (5) 0.0455 (3) 1.1260 (3) 0.1979 (2) 0.026(1) C (6) 0.0753 (3) 1.0698 (3) 0.2540 (2) 0.022 ( 1) C (7) 0.1875 (3) 0.6744 (3) 0.4799 (2) 0.025(1) C (8) 0.2222 (3) 0.6413 (3) 0.5480 (3) 0.029(1) C (9) 0.3053 (3) 0.6499 (3) 0.5653 (3) 0.037(2) C (10) 0.3545 (3) 0.6894 (3) 0.5135 (3) 0.041 (2) C (ll) 0.3210 (3) 0.7221 (3) 0.4449 (3) 0.040 (2) C( 12) 0.2378 (3) 0.7149 (3) 0.4276 (3) 0.030(1) C ( 13) 0.0210 (2) 0.5590 (3) 0.1750 (2) 0.022 ( 1) C (14) -0.0121 (3) 0.5198 (3) 0.2388 (3) 0.025(1) C ( 15) -0.0275(3) 0.4320 (3) 0.2368 (3) 0.031(1) C ( 16) -0.0113(3) 0.3844 (3) 0.1718 (3) 0.033(2) C ( 17) 0.0212 (3) 0.4233 (3) 0.1085 (3) 0.032(1) C ( 18) 0.0375 (3) 0.020 ( 1) a The equivalent isotropic temperature factor is de fined as one third o f the trace of the orthogonalized Uy tensor. It is interesting to note that RS"/M n(II) com plexes with R S_/M n(II) ratios < 3 preferentially adopt monomeric structures with mixed halidethiolate coordination whereas oligomeric aggre gates are formed for the corresponding Fe(II), Co(II), and Zn(II) species [4g, 4h, 41] (vide infra). Isostructural species are formed for "binary" thiolate rich (R S~: M n2+ > 2.5) compounds.
In summary, our investigation of the RS"/ M n(II) system confirmed the general experience that in systems containing M (II) salts (M = Mn, Fe, Co, Zn) [M(SR)4]2_ species are formed for R S_/M (II) ratios > 3. Adam antane type cage com pounds [M4(SR)10]2_ are formed for lower R S-/ M (II) mole ratios, and for still lower mole ratios product mixtures are formed. The successful isola tion and purification of a specific com pound de pends crucially on the reaction conditions such as the choice o f solvent or the counter cation.
In the search for still unknown R S_/C o(II) spe cies the system PhS"/CoCl2 in M eOH was ex plored for m olar ratios between 4 and 0. 
Structures [Et4N ]4[M n(SPh)3Br][M n(SPh)3Cl]
Crystals o f 1 consist of m ononuclear anions which are separated by isolated [Et4N]+ cations. The anionic part o f the structure can be described in term s of a superposition of discrete anions 3 a (46.5%), 3b (46.5%) as majority components and 4a (3.5% ) and 4b (3.5%) as m inor components. Due to severe overlap of the electron density, the superimposed Cl and Br atoms could not be re solved in the averaged unit cell. Consequently, only mean geometries for each of the pairs 3 a/3 b and 4a/4b are observed. The resulting M n -X dis tances of 2.465 (1) Table II , and selected bond distances and valence angles are collected in Table IV . Both complexes exhibit a distorted tetrahedral stereochemistry a r ound the manganese atoms. The M n -B r bond length observed for 4a/4b (2.515 (8) The isotypic structures both contain well sepa rated cations and anions. The cation structure is The M X4 core portion is a distorted tetrahedron derived from Td symmetry by compression along one S4 axis. As a result, we find sets of two large and 4 small X -M -X angles. The individual an gles within each set are identical for ideal D 2d sym metry. F or each M n -X P h paddel the M n -X -C plane is coplanar with the phenyl ring, the coplan arity being caused by n interactions between S (pJ and phenyl n orbitals. In addition, each phenyl ring is roughly perpendicular to one of the six S -S vectors of the S4 tetrahedron. Under these condi tions there are only two possible conformations: one having Y)ld (paddle-wheel), the other one C2 symmetry (propeller). This has recently been dis cussed in some detail by Coucouvanis et al. [le] . The complexes reported in this paper are shown in Fig. 2 . They adopt the propeller-type structure. (ii) Deviations from the idealized symmetry can be recognized by inspection of the metrical data of the (C o 4S6Cl4) core and compared with those of related com pounds [4] . The Co4 tetrahedron is dis tinctly distorted towards D 2rf symmetry resulting in four shorter (3.778 Ä) and two slightly longer (3.850 Ä) edges. This distortion, however, does not find a m atch in the distortion of the S6 octahedron which is more irregular. Here two long (S (l)-S (3) = 4.022 (1) . This is completely consist ent with the difference in the tetrahedral radii for these atom s [17] .
(v) The adam antane cage is composed of four fused cyclohexane type Fe3(SPh)3 rings in chair conform ation. In each of these rings the phenyl groups can be oriented axially and equatorially. Since all Fe3(SPh)3 rings in the cage like anion share common atoms, the orientations o f the phenyl groups in the four rings are interdependent, e.g. a phenyl group of a bridging SPh-ligand which is in the axial position in one ring must be in the equatorial position in the neighboring ring. As a consequence of this orientational inter dependence, there are only three possible patterns, 3 -2 -1 -0 , 2 -2 -1 -1 and 3 -1 -1 -1 , each num ber specifying the number of axial groups in each of the rings. In solution, the adam antane type spe cies is fluxional, but in the solid state the orienta tion of the phenyl groups is determined by the de tailed stereochemistry of the anion and packing forces o f the crystal lattice. For 5 the six phenyl groups attached to the S atoms of the four con densed C03S3 heterocycles exhibit the 2 -2 - [18] . The 'H N M R spec trum of 5 in acetonitrile solution presented in Fig. 4 The 'H N M R spectra of reaction systems con taining PhS~/CoCl2 in m olar ratios > 2.5 show re sonances attributed to the isotropically shifted phenyl protons of the [Co4(SPh)10]2- (Fig. 4a) and [Co(SPh)4]2~ (Fig. 4b) anions. In addition, weak resonances at -20.8, 16.5, 17.9, 32.4 and 35.9 ppm were observed, which possibly arise from an inter mediately formed [Co2(SPh)6]2-species (one downfield resonance not observed). For PhS~/CoCl2 ra tios < 2 a number of resonances are observed, which possibly arise from [Co4(SPh)6Cl4_x(SPh)J2_ spe cies.
The electronic spectrum of 5 ( Fig. 5 ), recorded for identification purposes, is consistent with the presence of a tetrahedral CoS4 chromophore. The spectrum is similar to that reported for [Co4(SPh)8Cl2]2-[4b]. The metal-ligand charge transfer region occurs at wavelengths between 300 nm and 500 nm. The spectrum between 500 and 800 nm reveals a split v2 (4A2 -* ■ 4T, (F)) band. The v3 region of the spectrum was not recorded.
Conclusion
This investigation provides im portant inform a tion about the form ation of metal (II) 
